The design of a natural gas pipeline route is a very important stage in Natural Gas Transmission Pipeline projects. It is a very complicated process requiring many different criteria for various areas to be evaluated simultaneously. These criteria include geographical, social, economic, and environmental aspects with their obstacles. In the classical approach, the optimum route design is usually determined manually with gathering the spatial references for suitable places and obstructions from the ground. This traditional method is not effective because it does not consider all the factors that affect the route of the pipeline. Today, the powerful tools incorporated in Geographical Information Systems (GIS) can be used to automatically determine the optimum route. An automatic pipeline route finder algorithm can calculate the best convenient route avoiding geographic and topological obstructs and selecting suitable places depending on their weights. In this study, an automatic natural gas pipeline design study was carried out in the east western region of Turkey. At the end of the study, an automatic natural gas pipeline route was determined using GIS and a least cost path algorithm, and an alternative study was conducted using a traditional method. In addition, a cartographic line simplification process with a point removal algorithm was used to eliminate the high vertex points and a simplified route was determined. The results were compared with the results of a finished Muş natural gas project constructed by The Turkish Petroleum Pipeline Corporation (BOTAŞ) and the negative and positive effects were evaluated. It was concluded that the use of GIS capabilities and the lowest cost path distance algorithm resulted in a 20% reduction of the cost through the simplification.
Introduction
The construction of natural gas pipelines is an important step for satisfying the energy demand in Turkey and all over the world. Today, due to dynamic economies, rapid population growth and the growing demands of countries for energy, the importance of natural gas pipelines is increasing [1] . Especially in countries with a large land area, such as Turkey, determining economic routes for natural gas pipeline is of great importance. The selection and planning of the optimum pipeline route can provide savings of time and construction and operational costs, together with prolonging operational life and preventing environmental damage and negative effects on local communities [2] .
Traditional optimum route planning is undertaken using a combination of 1:25,000 scaled topographic maps and zoning plans. Technical teams carry out the field studies in accordance with In this study, determining the pipeline route in a GIS environment is based on the main artery of an existing Turkish natural gas project. The first part of the project is the Muş natural gas pipeline project (MP) from Erzurum to Mus, and the second part is the new pipeline constructed from Muş to Bingöl. This study focuses on MP that was started in 2009 and finished in 2014 with a length of about 156 km. In addition, according to their previous experience, the formal correspondence from BOTAŞ and from government departments were carefully examined, and current geographical data were collected from necessary sources. Then the criteria were determined for routing and evaluated with LCPA to determine the optimum route. After completing the process, the results of the study were compared and evaluated with the MP data.
Study Area, Project Data, and Methodology
The study area is in the Southeast Anatolia Region of Turkey and located within the boundaries of three provinces: Muş, Agrı, and Erzurum ( Figure 1 ). The MP project encompassed rural areas with the natural gas pipeline route starting from Agrı Eleşkirt/Yayladüzü village, and ending in the Muş plain. The starting point of the route has quite high altitude, and the land is rough and not suitable for agriculture. After reaching the Mus plain, the route passes through agricultural land and the terrain is not very rugged. Agriculture spreads around the villages near Agrı and Erzurum. In the 3 km corridor, there are no provincial centers or highly populated areas. During the project stage in the traditional method, due to the high expense of high-pressure pipeline construction, the BOTAŞ engineers assumed that air distance was the guideline for projects and first tried to explore the natural and artificial obstacles along the potential route. Then the engineers started work in the field, adding a 1 km buffer zone to the pipeline route, and prepared the first draft of the proposal according to the formal responses from government departments ( Table 1) . This is an iterative process continuing until the preparation of the final draft pipeline route drawing [22] . 156 km. In addition, according to their previous experience, the formal correspondence from BOTAŞ and from government departments were carefully examined, and current geographical data were collected from necessary sources. Then the criteria were determined for routing and evaluated with LCPA to determine the optimum route. After completing the process, the results of the study were compared and evaluated with the MP data.
The study area is in the Southeast Anatolia Region of Turkey and located within the boundaries of three provinces: Muş, Ağrı, and Erzurum ( Figure 1 ). The MP project encompassed rural areas with the natural gas pipeline route starting from Ağrı Eleşkirt/Yayladüzü village, and ending in the Muş plain. The starting point of the route has quite high altitude, and the land is rough and not suitable for agriculture. After reaching the Mus plain, the route passes through agricultural land and the terrain is not very rugged. Agriculture spreads around the villages near Ağrı and Erzurum. In the 3 km corridor, there are no provincial centers or highly populated areas. During the project stage in the traditional method, due to the high expense of high-pressure pipeline construction, the BOTAŞ engineers assumed that air distance was the guideline for projects and first tried to explore the natural and artificial obstacles along the potential route. Then the engineers started work in the field, adding a 1 km buffer zone to the pipeline route, and prepared the first draft of the proposal according to the formal responses from government departments (Table 1) . This is an iterative process continuing until the preparation of the final draft pipeline route drawing [22] . In this study, the most recent draft drawing of the existing MP and the official correspondence from the institutions were obtained as input data. On top of that, an alternative pipeline route to be determined was within 3 km of the buffer zone of the actual contracted pipeline path. Our aim was to create an automating pipeline path on a GIS platform. In this automation project, to extract the topography, we used Digital Elevation Model (DEM) data provided through the NASA Shuttle Radar Topography Mission (SRTM) model, which is open source [23] . The resolutions of SRTM are 30 m horizontally and 16 m vertically. All project data were compiled, and raster and vector data sets were In this study, the most recent draft drawing of the existing MP and the official correspondence from the institutions were obtained as input data. On top of that, an alternative pipeline route to be determined was within 3 km of the buffer zone of the actual contracted pipeline path. Our aim was to create an automating pipeline path on a GIS platform. In this automation project, to extract the topography, we used Digital Elevation Model (DEM) data provided through the NASA Shuttle Radar Topography Mission (SRTM) model, which is open source [23] . The resolutions of SRTM are 30 m horizontally and 16 m vertically. All project data were compiled, and raster and vector data sets were converted into spatial data layers, such as appropriate areas, restricted areas, and geological map.
Project Data
The project data has a wide range of different application areas and it is a vital step to collect these data according to the desired standard, accuracy, and scale. In Turkey, different government organizations produce the data at various standards with diverse scales. Therefore, it was necessary to classify and standardize the data from different government organizations (Table 1) .
One of the main important steps in natural gas pipeline routing is to define the criteria, weights, and their effects on the route. These criteria and weights indicate the values assigned to the importance ratings [3] . In this study, all criteria including topography, restricted areas, ridges, slopes, rivers, streams, terrain, road and industrial areas were determined with evaluation of the attribute and geometric data, official institution correspondence and expert opinions. All data were prepared as database tables and stored in the GIS database. 
Classification of Topography
The topography for defining the best pipeline path should consist of at least four different categories of ridges, streams, flat terrain, and steep terrain. In this study, The DEM data clipped 3 km within the buffer zone around the real MP.
Extracting Ridges and Streams
Ridges are one of the most important natural formations of the natural gas pipeline route. Since these areas have no accumulation of water, especially due to the slope, this situation provides some advantages. The first of which is that these areas are generally far away from agricultural areas, and this is an important factor in deciding on the pipeline path. Another advantage is that the ridges are not affected by erosion, and therefore the pipeline soil is not shifted to another location. The last advantage of these areas is that when compared to other natural formations, the accumulation of water are at a minimum level after the risk of flow and sediment accumulation. In contrast to ridges, streams are one of the worst elements that have an effect on the selection of the pipeline route selection since, like rivers and brooks, they can cross over perpendicularly. There are special precautions, such as precast concrete armor or horizontal drilling; however, in practice, pipeline projects do not follow streams because water erosion risk is at a maximum level at these points. Therefore, pipelines must be kept underground in a very rugged situation. The basic characteristic feature of ridges and streams are related with water accumulation. There is no water accumulation in ridges, but in contrast, streams can be possible drainage channels of water. On the GIS platforms, water accumulation is calculated with the flow direction and flow accumulation functions.
Flow direction (FD)
The FD analysis shows the steepest drop direction from the selected pixel on the DEM as a pixel value. In this analysis, progressing pixel can be appointed values from 1 to 255. The steepest drop direction value starts from 1 on the left side pixel and increases geometrically to the top pixel at 128. If there are multiple currents from the center pixel to its neighbors, this time the steepest drop direction value should be calculated by adding all possible pixel values to the center pixel (Figure 2) . The FD analysis shows the steepest drop direction from the selected pixel on the DEM as a pixel value. In this analysis, progressing pixel can be appointed values from 1 to 255. The steepest drop direction value starts from 1 on the left side pixel and increases geometrically to the top pixel at 128. If there are multiple currents from the center pixel to its neighbors, this time the steepest drop direction value should be calculated by adding all possible pixel values to the center pixel (Figure 2 ). The FA analysis calculates the accumulated water weight of all pixels using flow directions, and shows the results as a raster output. At the beginning of analysis, one weight of FA is appointed to each cell and this weight moves by the steepest drop direction. After the FA analysis, if a pixel value is zero, these areas should be ridges because ridges do not collect any water. However, if the pixel value is greater this time, we should question the stream channel. In the graphic below, the middle image shows the direction of travel from each cell and the top right image shows the number of cells that flow into each cell ( Figure 3 ). To find ridges and streams, we need to apply the FA analysis to the DEM. FA analysis requires flow direction raster data. First, we calculate FD, then obtain the FA values ( Figure 4 ). On FA, 0 values mean that there is no water accumulation in these cells; thus, we evaluate these pixels as ridges. In Figure 4 , we selected the 20 accumulation value as a threshold. If any pixel becomes greater than this limit grey value, there can be doubt about whether there is a stream channel. On the sample below, the pixels from 0 to the threshold value are non-categorized areas. 
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Extracting Flat and Steep Terrain
The other important parameter for a natural gas pipeline construction/routing is the slope. Working on steep terrain is harder than on flat areas since in the construction stage, heavy equipment cannot work at full capacity on steep terrain areas. According to the previous experience of BOTAŞ engineers, working on a 30% slope is possible, but they prefer not to work on higher slopes. The other disadvantage of steep terrain is the risk of erosion. Flat sites are better than steep sites, but flat sites are not the first choice if they contain ridges. On flat areas, heavy construction equipment works well and there is less risk of erosion compared with steep areas [26] .
Flat and steep terrain are defined by the slope value. A slope can be calculated by the arc tan function of a change in horizontal direction (delta y) divided by the change in the vertical direction (delta x). The software explains the process of slope calculation ( Figure 5 ) 
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Flat and steep terrain are defined by the slope value. A slope can be calculated by the arc tan function of a change in horizontal direction (delta y) divided by the change in the vertical direction (delta x). The software explains the process of slope calculation ( Figure 5 ) Flat and steep areas can be sorted after slope analysis on GIS ( Figure 6 ). Applying slope analysis to DEM data gives a result rate of maximum change in elevation from each pixel. For our project, we choose a 20% slope value as threshold and pixels lower than this value to appoint as a flat site. Higher than this, values are considered as steep sites.
Figure 5. Slope calculation [26] .
Flat and steep areas can be sorted after slope analysis on GIS ( Figure 6 ). Applying slope analysis to DEM data gives a result rate of maximum change in elevation from each pixel. For our project, we choose a 20% slope value as threshold and pixels lower than this value to appoint as a flat site. Higher than this, values are considered as steep sites. 
Combining the Topographic Data
Combining the two raster data can be undertaken with a raster calculator. There are four steps to create the four categories (Table 2 ). 
Combining the two raster data can be undertaken with a raster calculator. There are four steps to create the four categories (Table 2) . Table 2 . Topographic classes.
Step-1 Steep terrain Slope equal or greater than 20% Con("slope"≥ 20,1,4)
Step-2 Ridges Slope less than 20% and water accumulation equal to 0 Con(("flw_accum" = 0) & ("slope" < 20),2,4)
Step-3 Flat terrain Slope less than 20% and water accumulation between 0 to 100 Con(("flw_accum">0) & ("flw_accum" ≤ 100) & ("slope"< 20),3,4)
Step-4
Stream Channels Slope less than 20% water accumulation greater than 100 Con(("flw_accum" > 100) & ("slope"< 20),0,4)
After these raster algebraic queries, we obtained the four different topographic structures shown in Figure 6. 
Constraints Obstacles and Spatial Data Layers
In this study, the following three different types of criteria were used: Inappropriate areas, restricted areas, and vertically crossed obstacles. These criteria are constraints that lay on the topography, and can be defined as geometrical shapes. Constraint obstacles were obtained through formal communications from about 30 state agencies in Turkey.
Inappropriate Areas
Inappropriate areas; for example, agricultural irrigation areas, dam reservoirs, and stream channels can be defined as areas through which the natural gas pipeline can pass, but some extra cost may be incurred. In the field application, although some government departments do not recommend passing through their project sites, they do not have strict restrictions if some special precautions are given. These special precautions result in extra cost to the natural gas pipeline project, but this cost may be lower than working around these sites. Moreover, some of these kinds of obstacles can cover all parts of the possible pipeline-working corridor. One of the inappropriate areas is stream channels, in which due to flow risk, natural gas pipeline routing is designed not to pass through stream channels.
In our project corridor, there are some wetlands used for agricultural activities. These sites are not recommended places for routing because of investments like irrigation channels and drilling wells. The formal institutions responsible for agricultural wetlands can allow these fields to be passed over under special precautions provided that there is no harm to existing water channels. In addition to wetlands, the reservoirs of dams are another inappropriate area that may completely cover a working corridor and it is not recommended by government departments to pass through these areas if it is not obligatory. In this study, pipelines had to pass through these areas as the dam reservoir areas covered the entire work area. This results in extra costs for maintenance and repair activities.
The last inappropriate sites are the corridors containing stream channels, which are extracted from topographic analysis. As a result of flow accumulation, higher potential water accumulation sites were presented as a single pixel line. These raster cells were converted into vector lines and the lines were expanded to a 100-m zone using a buffer operation to define inappropriate streamline corridors. LCDA finds the best route depends on each of the weights of the cells. Inappropriate areas are not strictly restricted but are also not recommended to undertake this process in LCDA, these areas were defined by applying extra costs.
Restricted Areas
Some government institutions do not want pipeline projects to pass through their responsibility areas. For example, municipalities did not allow the pipeline project to pass through their zoning areas because high-pressure pipelines carry a risk of fire and explosion and BOTAŞ also does not want to risk this situation occurring. For security reasons, the other forbidden place for the pipeline is military zones. Areas with a topography slope of more than 30 percent are not considered to be suitable. These restricted areas are defined by assigning a null value on the cost surface raster model. LCPA finds the lowest cost path on the model if extra cost is applied to these cells. If these areas are given a null value, the algorithm will remove these areas from the process. In LCDA, these areas were given a null value and left out of the process.
Vertically Crossed Obstacles
Another type of obstacle is vertically crossed obstacles. These objects are generally in the line-based geometry, which is laid down through all the working corridors. Therefore, it is almost impossible to design a route without taking these hurdles into consideration. In the project site, there will be high voltage power lines, and due to an interference effect, natural gas pipeline routes can be damaged by corrosion. To minimize this, power pipelines should pass through vertically using special precautions. The other obstacle is that it is not recommended for pipelines to pass over these fault lines. Although there are some regulations for these situations, in some cases it is obligatory to pass over these fault lines. Highways are one of the other obstacles that only allow vertical crossing and forbids parallelization between roads and pipelines within 50 m. The last obstacles for this project are agricultural irrigation water channels, which can be under the surface or on the surface. For this obstruction, vertical crosses are defined in LCPA with generating ring buffers. Considering the vertical resolution of the DEM data, in this project 100, 200, and 300-m buffer zones were created around obstacles under this category. The innermost level cost was two times higher than the middle-level buffer zone and the outermost level two times lower than middle level ( Figure 7) . suitable. These restricted areas are defined by assigning a null value on the cost surface raster model. LCPA finds the lowest cost path on the model if extra cost is applied to these cells. If these areas are given a null value, the algorithm will remove these areas from the process. In LCDA, these areas were given a null value and left out of the process.
Another type of obstacle is vertically crossed obstacles. These objects are generally in the linebased geometry, which is laid down through all the working corridors. Therefore, it is almost impossible to design a route without taking these hurdles into consideration. In the project site, there will be high voltage power lines, and due to an interference effect, natural gas pipeline routes can be damaged by corrosion. To minimize this, power pipelines should pass through vertically using special precautions. The other obstacle is that it is not recommended for pipelines to pass over these fault lines. Although there are some regulations for these situations, in some cases it is obligatory to pass over these fault lines. Highways are one of the other obstacles that only allow vertical crossing and forbids parallelization between roads and pipelines within 50 m. The last obstacles for this project are agricultural irrigation water channels, which can be under the surface or on the surface. For this obstruction, vertical crosses are defined in LCPA with generating ring buffers. Considering the vertical resolution of the DEM data, in this project 100, 200, and 300-m buffer zones were created around obstacles under this category. The innermost level cost was two times higher than the middlelevel buffer zone and the outermost level two times lower than middle level ( Figure 7 ). After using project data and constraint obstacles, spatial data layers were prepared as presented in Figure 8 . After using project data and constraint obstacles, spatial data layers were prepared as presented in Figure 8 . 
Defining Factors and Weights by AHP
Route designing/planning work is a process which includes multiple criteria that should be evaluated together to produce the most appropriate solution. The process of harmonization of these criteria is very important. There is no doubt that there are problems in the harmony of all the criteria; therefore, ʺdecision makingʺ is very important in solving these problems. In the application of route design studies, many criteria are examined and evaluated together. Each of these criteria can be significant and effective in determining the route. Some are more preferred, others are more important, and some are indispensable. Therefore, the impact ratios of these factors need to be determined and ranked in order of importance. This stage must be determined systematically in priority order. The statistical analyses are carried out, the necessary factors are determined, and the impact rates of the route are defined using MCDM methods. After determining the factors, the decision-making process is enacted. In this stage, AHP is a very well-known analytical technique, used to solve the complicated decision problems [27, 28] .
AHP is a technique for analyzing the factors in decision theory. It is an effective tool that may help decision makers to order the priorities to be able to determine the best outcome. The logic of the technique is to reduce complicated decision stages to a series of pairwise comparisons. AHP takes 
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AHP is a technique for analyzing the factors in decision theory. It is an effective tool that may help decision makers to order the priorities to be able to determine the best outcome. The logic of the technique is to reduce complicated decision stages to a series of pairwise comparisons. AHP takes into consideration the necessary criteria and considers the alternative options to achieve the best solution.
Weights related to each criterion are generated according to the decision maker's pairwise comparisons. The values given in terms of the importance of weights are important for their priority. Each factor is awarded the necessary evaluation scores. Therefore, the weight of the score will directly affect the performance. In this study, two different AHP were applied and their weights assumed in equal importance. As a result, AHP generates an overall score for each option by combining the weights and scores of the criteria. In the next stage, it determines the ranking according to this score. More general information about AHP can be found in references [29] [30] [31] within the application of cultural heritage, education, and private investment.
In the first place, scoring was undertaken for topography class. The scoring matrix and pairwise weight table are shown in Figure 9 .
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In the first place, scoring was undertaken for topography class. The scoring matrix and pairwise weight table are shown in Figure 9 . Then AHP was run for constraint obstacles and the results are shown in Figure 10 . 
Least Cost Distance Analysis
The determination of a path from one point to another needs to be solved in a network analysis. Defining the shortest path is possible with both raster or vector GIS; however, in practice, rasterbased data are used in the routing of linear engineering structures because pipelines are very long and not particularly defined. Raster-based data provides some advantages, such as performing a cost calculation in order to easily use the other raster format data and model different criteria [33, 34] . Although there are many distance analysis techniques in GIS, LCPA provides the user with a way to find the cheapest path using raster data. In this method, the eight neighbors of the raster cells are used to move toward the cells with the smallest accumulated or cost value [24, 25, 35] . In the applications, route problems including route determination, selection, planning, and defining is Figure 9 . Topographic weights and scoring [32] .
Then AHP was run for constraint obstacles and the results are shown in Figure 10 .
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The determination of a path from one point to another needs to be solved in a network analysis. Defining the shortest path is possible with both raster or vector GIS; however, in practice, raster-based data are used in the routing of linear engineering structures because pipelines are very long and not particularly defined. Raster-based data provides some advantages, such as performing a cost calculation in order to easily use the other raster format data and model different criteria [33, 34] . Although there are many distance analysis techniques in GIS, LCPA provides the user with a way to find the cheapest path using raster data. In this method, the eight neighbors of the raster cells are used to move toward the cells with the smallest accumulated or cost value [24, 25, 35] . In the applications, route problems including route determination, selection, planning, and defining is solved by GIS-based LCPA. LCPA has many different applications areas for distance analysis, one of which is to define the natural gas pipeline routing. In this study, LCPA was used to determine the path of the MUS natural gas pipeline.
As previously described, there are different analyses, including FD, FA, and raster calculations with AHP weights. In order to accelerate this process chain, a python script code ( Figure 11 ) was developed in an ArcGIS environment.
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As previously described, there are different analyses, including FD, FA, and raster calculations with AHP weights. In order to accelerate this process chain, a python script code (Figure 11 ) was developed in an ArcGIS environment. 
Results and Discussion
LCPA analysis was run for two different DEM values, 30 m and 100 m, to obtain the DEM effect on pipeline routing. As a result, a base map, also referred to as a "cost map", was generated in a GIS environment with different scales in a map book display ( Figure 12 ). 
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LCPA analysis was run for two different DEM values, 30 m and 100 m, to obtain the DEM effect on pipeline routing. As a result, a base map, also referred to as a "cost map", was generated in a GIS environment with different scales in a map book display ( Figure 12 ). After LCPA, all lengths and cost values were calculated and are displayed in Table 3 . From this result, the cost values in 30 m DEM was decreased by 35% and the length was reduced by 2.36 km. As a result, a decrease in the cost value was expected and a decrease in the distance value was observed. This has another meaning that the values attributed to the AHP stage gave logical results.
Concerning the topography, the existing pipeline route was compared with the route produced by 30 m of DEM and 100 m of DEM (Table 4 ). According to the results produced by AHP, the weights of the use of ridges and flat areas were close to each other and higher than water channels and steep areas. The 145.89 km part of the existing project covered ridges and flat land, and the route that was produced from 30 m DEM covered 146.76 km of flat land terrain with ridges. When the results are compared side by side, it can be seen that LCDA clearly offers advantages. For example, 34.93% of the existing project route passes through ridges, while the result produced by 30 m DEM passes through more than 50% ridges. In this stage, it has been concluded that using GIS technology is more capable of determining and extracting the topography compared to traditional methods. Moreover, DEM accuracy is another factor that affects the route design. As seen in Table 5 , using 30 m DEM is more successful than the other values.
Constraint obstacles were evaluated as prohibited regions and others (Table 5) . When examining the prohibited regions, it was seen that the results produced by LCDA were drawn more successfully than the existing pipeline route. The entire part of the automatically calculated routes did not enter prohibited zones. The LCDA was again seen to be more successful as compared to the number of the other constraint obstacles intersections that need to be crossed vertically (Table 6 ). The lengths of restricted areas were meaningful with LCDA. As seen in Table 6 , the lengths obtained were shorter than the existing values. In applications, it is desired/planned that the route has as few vertex points as possible to facilitate construction work. In this study, there was a limitation that the number of vertices on the existing project was less than the suggested route with LCDA. At this point, although the suggested route has many advantages, the number of vertex points is more than the existing route (Table 7) . 
Simplify Route Planning
To overcome the problem of the number of vertex points, a line-based cartographic simplification (LBCS) process was applied to the suggested route using 30 m raster DEM [36, 37] . Before applying LBCS, the reason for high vertex points was investigated. For a route design from the start point to the end point with LCDA (Figure 13) , the cost will be 107 (10+25+15+10+15+20+12) and the route will have three vertex points. However, for the optimum route, the cost will be 167 (10+25+100+20+12) with no vertex points. In the simplifying process, for each vertex, "h" values are calculated, and if this value is greater than 100 m, then that point is removed from the route. The expectation from the simplification process is that it increases the cost and decreases the total length. The lengths of restricted areas were meaningful with LCDA. As seen in Table 6 , the lengths obtained were shorter than the existing values. In applications, it is desired/planned that the route has as few vertex points as possible to facilitate construction work. In this study, there was a limitation that the number of vertices on the existing project was less than the suggested route with LCDA. At this point, although the suggested route has many advantages, the number of vertex points is more than the existing route (Table 7) . 
To overcome the problem of the number of vertex points, a line-based cartographic simplification (LBCS) process was applied to the suggested route using 30 m raster DEM [36, 37] . Before applying LBCS, the reason for high vertex points was investigated. For a route design from the start point to the end point with LCDA (Figure 13) , the cost will be 107 (10+25+15+10+15+20+12) and the route will have three vertex points. However, for the optimum route, the cost will be 167 (10+25+100+20+12) with no vertex points. In the simplifying process, for each vertex, "h" values are calculated, and if this value is greater than 100 m, then that point is removed from the route. The expectation from the simplification process is that it increases the cost and decreases the total length. According to LBCS, the route was re-generated using a point removal algorithm in ArcGIS [32, 33] . Figure 14 shows the results after the simplification process, and the result from LBCS, the route criteria, is shown in Table 8 .
As expected, a total length of the route is shorter, and the cost increased after the simplification process on the route. After the simplification process, the route was expected to enter the prohibited area. However, the route passed about 263.11 m of a restricted area. Although the process works like this, the results give an advantage of 97% when compared to the existing pipeline. According to LBCS, the route was re-generated using a point removal algorithm in ArcGIS [32, 33] . Figure 14 shows the results after the simplification process, and the result from LBCS, the route criteria, is shown in Table 8 .
As expected, a total length of the route is shorter, and the cost increased after the simplification process on the route. After the simplification process, the route was expected to enter the prohibited area. However, the route passed about 263.11 m of a restricted area. Although the process works like this, the results give an advantage of 97% when compared to the existing pipeline. With the simplification process, we obtained better results. Before LBCS, we had 772 vertex points on 30 m resolution route generation. This value was decreased meaningfully to 170 vertex points, showing that LBCS can offer help in evaluating the determination of a natural gas pipeline.
Conclusions
Pipeline route design is a complex problem because of the number of inputs. In the classical approach, technical personnel plan the route by passing as easily as possible through the appropriate regions and avoiding obstacles. Appropriate regions and obstacles are identified from 1/25,000 scale maps and official correspondence with government agencies. According to the literature review, LCDA is one of the most appropriate methods to determine a linear infrastructure, such as pipeline routes in the GIS environment. The weights of the appropriate zones and restricted areas can be determined by ranking, and a pairwise comparison using the AHP method.
In this study, we employed the same obstacles used in existing MP. The weights of the topographic criteria and geographic obstacles were evaluated for the AHP method together with engineers who worked on the existing project in 2009. The route generated using LCDA was compared with the existing pipeline and the results were examined for future use in real operations.
According to the results, the cartographic simplified route obtained from 30 m DEM data provides obvious advantages in every comparison field to the existing route. For example, the reductions were; cost 19.8%, total length 4.4%, prohibited zone uses 90.4%, fault line pass 40.0%, and number of vertex count 31.17%. These results show that LCDA with correct weights can be used in future studies.
